The name Providencia heimbachae sp. nov. is proposed for a group of organisms that were isolated from the feces of penguins in the Federal Republic of Germany and from a cow in the United States. P. heimbachae strains are gram-negative, oxidase-negative, fermentative, rod-shaped organisms that grow on MacConkey agar, as well as other media that are selective for members of the Enterobacteriaceae. The 13 P. heimbachae isolates which we studied gave negative results for the following tests: indole production, Voges-Proskauer, Simmons citrate, H2S production on triple sugar iron and Kligler agars, urease, lysine decarboxylase, arginine dihydrolase, gelatinase, growth in the presence of KCN, malonate, acid production from L-arabinose, cellobiose, dulcitol, erythritol, lactose, melezitose, melibiose, a-methylglucoside, rafhose, salicin, D-sorbitol, L-sorbose, starch, D-tagatose, trehalose, D-turanose, and D-XylOSe (15 % positive after 7 days), esculin hydrolysis, acetate, lipase, deoxyribonuclease, and u-nitrophenyl-P-D-galactopyranoside. The strains were positive for the following tests: catalase, nitrate reductase, methyl red, phenylalanine deaminase, acid production from D-glucose, adonitol, D-arabitol, D-fructose, D-galactose, D-mannOSe, and L-rhamnose, and tyrosine clearing. Acid production from glycerol, myu-inositol, maltose, and D-mannitol was delayed; gas was produced from D-glucose, D-galactose, and D-mannose in small amounts or not at all (54% positive after 7 days). Motility at 36°C was variable (46% positive after 2 days; 85% positive after 7 days). Deoxyribonucleic acids from 12 other strains of P. heimbachae were highly related (91 to 100% related in reactions assayed on hydroxyapatite at 60 and 75°C) to 32P-labeled deoxyribonucleic acid from the proposed type strain (strain ATCC 35613). Labeled deoxyribonucleic acid from this type strain was 22 to 45 % related at 60°C and 4 to 31 % related at 75°C to deoxyribonucleic acids from four other Providenciu species. The levels of relatedness of P. heimbachue to Pruteus species ranged from 10 to 13% In 60°C reactions. P . heimbachae could be differentiated from the other Pruvidencia species by the following characteristics: negative tests for Simmons citrate, urease, indole production, and acid production from trehalose and positive tests for acid production from adonitol, D-arabitol, D-galactose, and L-rhamnose. All of the P. heimbachae strains which we studied were resistant to tetracycline, and most strains were resistant to cephalothin.
In 1983, a new Providencia species was described independently by workers in two laboratories under the names Providencia rustigianii (9) and Providencia friedericiana (12) . Deoxyribonucleic acid (DNA) hybridization studies on the type strains and other strains have shown that these two groups are the same species (Hickman-Brenner, Fanning, Miiller, and Brenner, manuscript in preparation) . However, some strains that were formerly considered a biogroup of Providencia friedericiana differed from Providencia rustigianii both biochemically and as determined by DNA relatedness. Strain CDC 1519-73 (Table l) , with the vernacular name "Enteric Group 78," was also found to belong to this biogroup.
In this study we characterized this new group of Providencia by using biochemical and DNA hybridization tests, as well as antimicrobial agent susceptibility tests. On the basis of these data, the name Providencia heimbachae sp. nov. is proposed, and strain MUA 2-110 (= CDC 8025-83 = ATCC 35613) is designated the type strain.
MATERIALS AND METHODS
Bacterial strains. The 13 strains of Providencia heimbachae which we studied and their sources are shown in of the strains were maintained on Trypticase soy agar (BBL Microbiology Systems, Cockeysville, Md.) or tryptone soy agar (Oxoid USA, Columbia, Md.) at room temperature (18 to 28"C), and all incubations took place at 36 k 1°C unless indicated otherwise. The other strains used in this study (Table 2) have been described previously (8) .
Media and biochemical tests. Commercial media were used whenever possible. The biochemical tests (Table 3) were performed by using standardized procedures (3) (4) (5) (6) (7) (8) (9) 11) . The tests for Simmons citrate utilization, growth in Moeller KCN broth, and production of indole were standardized and were performed exactly as described by Edwards and Ewing (4) and Farmer et al. (5) .
Pigment production. Pigment production was assayed on casein hydrolysate or yeast extract agar containing 10 g of either L-histidine, L-phenylalanine, L-tryptophan, or L-tyrosine per liter of medium (pH 7.4). A lO-g/liter portion of CaC03 powder (to improve recognition of pigment production by providing a whitish background) and 0.25 g/liter of a ferric pyrophosphate solution (filter sterilized) were added aseptically after the other ingredients had been autoclaved. The tests were done aerobically.
Antimicrobial agent susceptibility tests. Antimicrobial agent susceptibility (Table 4) was determined by broth microdilution and disk diffusion methods, using the standardized methods described by the National Committee for (Table 2) , using methods described elsewhere (2, 9, 10).
RESULTS AND DISCUSSION
Isolation of bacterial strains. Twelve of the Providencia heimbachae strains were isolated from the feces of apparently healthy penguins, and one strain was isolated from an aborted bovine fetus (Table 1 ). The habitat of the new species seems to be the same as or similar to the habitat of Providencia rustigianii, and Providencia heimbachae has been isolated frequently from the same animal sources, although it has not yet been isolated from humans. Its estimated occurrence in relation to that of Providencia rustigianii is l : l O , which corresponds to the numbers isolated from penguins (12) as well as to the numbers of strains in the collection at the Centers for Disease Control (9). Labeled DNA was reacted with unlabeled DNA from the same strain (homologous reaction) and with DNAs from other strains (heterologous reactions). Each reaction was done at least twice. Before normalization, the level of reassociation in homologous reactions averaged 55%. Control reactions, in which labeled DNA was incubated in the absence of unlabeled DNA, resulted in 0.5 to 1.5% binding to hydroxyapatite. These control values were subtracted before normalization.
Relative binding ratios were determined as follows: [(percentage of DNA bound to hydroxyapatite in heterologous reaction)/(percentage of DNA bound to hydroxyapatite in homologous reaction)] x 100.
Divergence was calculated on the assumption that a 1% decrease in the thermal stability of a heterologous DNA duplex compared with the thermal stability of the homologous DNA duplex was caused by 1% of the bases within the duplex that were unpaired; divergence was calculated to the nearest 0.5%.
Np, Not determined.
&1'
DNA hybridization. Labeled DNA from the type strain of Providencia heimbachae was 91 to 100% related to DNAs from the 12 other Providencia heimbachae strains in DNA relatedness reactions done at 60°C. There was 0 to 0.5% ' ND, Not done.
-, Negative at the end of the incubation period; + , positive after 24 h or at the time of the test. The numbers in parentheses indicate the day on which the reaction became positive. a The following discrepancies between disk diffusion and MIC results were found: for ampicillin, three minor discrepancies; for cephalothin, one major and one minor; for cefazolin, one very major and one minor; for cefoxitin, one major; and for chloramphenicol, three minor discrepancies. See text.
Continued
' NT, Not tested by the disk diffusion method.
We tested a solution containing 19 parts of sulfamethoxazole to 1 part of trimethoprim.
divergence in the related DNA sequences, and the levels of relatedness were as high in 75°C reactions as in 60°C reactions ( Table 2) . Providencia heimbachae was 22 to 45% related to the other four species of Providencia, 10 to 13% related to Proteus species, 9% related to Morganella morganii, and 5% related to Escherichia coli. Thus, Providencia heimbachae is a distinct species that phenotypically and genetically belongs in the genus Providencia.
Antimicrobial agent susceptibility. Table 4 shows the minimal inhibitory concentration (MIC) ranges and the catego 
All data except the data for Providencia heimbachae were obtained from reference 6. See text.
' +, 90% or more of the strains positive; V, 11 to 89% of the strains positive; -, 10% or less numbers in parentheses are percentages of strains that were positive after 2 days. Minimal gas production.
of the strains positive. All tests were performed at 36 * 1°C. The ries of susceptibility as determined by the disk diffusion method. The discrepancies that occurred between zone size and MIC were designated very major, major, or minor errors (very major, susceptible by zone size but resistant by MIC; major, resistant by zone size but susceptible by MIC; minor, intermediate or moderate susceptibility as determined by one method). Very major errors occurred for one isolate with cefazolin; major or minor errors occurred with ampicillin, cephalothin, cefazolin, cefoxitin, and chloramphenicol. Tetracycline, cephalothin, ampicillin, cefazolin, cefoxitin, and chloramphenicol were the least active drugs, but the remaining drugs tested had good activities. All of the strains were resistant to tetracycline, and 10 of the 13 strains were resistant to cephalothin. Single strains were resistant to ampicillin, cefazolin, and cefoxitin ( Table 4) .
Description of Providencia heimbachae sp. nov. For the new species described here we propose the name Providencia heimbachae (heim. bach'ae. M . L. gen. fem. n. heimbachae of Heimbach, to honor Friederike Heimbach, who isolated 12 of the strains).
Strains of Providencia heimbachae are gram-negative, oxidase-negative, catalase-positive, D-glucose-fermenting, nitrate-reducing, straight rod-shaped organisms that conform to the definitions of the family Enterobacteriaceae (1) and the genus Providencia (16) . They grow on Endo agar, MacConkey agar, and other similar selective media. Like members of other species of Providencia, strains of Providencia heimbachae (particularly fresh isolates) develop a red to brown pigment on media containing aromatic amino acids, as well as a characteristic almondlike smell on phenylalanine agar (17) . Furthermore, they have the other characteristics of this genus (Table 3) . They are negative for the following tests: lysine and ornithine decarboxylases, arginine dihydrolase, deoxyribonuclease, lipase (both corn oil and Tween 80), gelatinase, H2S production on Kligler and triple sugar iron agars, malonate, mucate, acetate, tartrate, pectate, o-nitrophenyl-P-D-galactopyranoside, VogesProskauer, and acid production from L-arabinose, cellobiose, dulcitol, D-lactose, melibiose, a-methylglucoside, raffinose, and D-sorbitol. They are positive for the following tests: acid production from D-mannose, methyl red, phenylalanine deaminase, and tyrosine clearing. Providencia heimbachae can be differentiated from other Providencia species by its negative tests for Simmons citrate, growth in the presence of KCN, acid production from trehalose, urease, and indole production and by positive tests for acid production from adonitol, D-arabitol, D-galactose, and L-rhamnose (Table 5 ). Motility at 36°C is variable and weak (46% positive after 2 days; 85% positive after 3 to 7 days), and the gas produced in small amounts from D-glucose, D-galactose, and D-mannose by some strains is like that produced by Providencia rustigianii (often a pinhead-sized gas bubble in a Durham tube). Additional characteristics of Providencia heimbachae are given in Tables 3  through 5 . Some biochemical tests give different results when medium ingredients or methods are varied. The indole reaction is negative when bacteriological neutralized peptone (Oxoid USA), Polypeptone (BBL), or casein hydrolysate (E. Merck AG, Darmstadt, Federal Republic of Germany) is used; however, it is weakly positive after 2 to 7 days when tryptone (Oxoid USA) or peptone is used along with 0.1% tryptophan (2). The citrate reaction is negative only under standardized conditions (4). Traces of readily metabolized substances, such as peptone or glucose, may lead to falsepositive results. The KCN test is negative under standardized conditions, as described previously (5); however, weak positive results are obtained if the test is performed as described by Cowan (3) or Munson (13) .
The similar biochemical reactions of Providencia heimbachae and Providencia rustigianii, including weak or delayed motility, weak or no production of gas from sugars, and inability to utilize acetate, citrate, or tartrate, indicate that these two species are phenotypically more similar to each other than to the other three species of Providencia. The similarity between Providencia heimbachae and Providencia rustigianii may in part reflect the the common habitat of the two species (i.e., the intestines of healthy penguins [12] and probably also other animals 
